This study was carried out to examine the effect of quantity and quality of wheat gluten proteins on the quality attributes of instant fried noodles. Dough development time, dough stability, SDS sedimentation volume, gluten index and Resistance to extension/Extensibility (R/E) ratio were found to be positively correlated with glutenin content, whereas negatively associated with the quantity of gliadin sub-fractions. Medium strong flours were found most suitable for noodle preparation. The weaker flours from cultivars HW 2004 and C 306 having HMW-GS composition of Null, 2+12 and 20 alleles expressed at Glu-A1, B1 and D1, respectively could not withstand sheeting, resulted in rough surface and high breakage of noodles. The best noodle cultivars DBW 16 and WH 542 had 5+10 glutenin subunits at Glu-D1, however, differed in subunits expressed at Glu-A1 and Glu-B1 loci. Oil uptake and cooking time of noodles varied considerably from 15.4 to 22.7% and 2.0 to 4.0 min, respectively. Oil uptake in noodles was positively correlated with dough softening, however, all the parameters related to gluten quality and strength were negatively associated with the oil uptake. Cooking time of instant noodles was found to be highly associated with protein content (R 2 = 0.778) of flour, gluten quality and strength. Hardness or firmness of cooked noodles was found to be significantly linked with SDS sedimentation volume (R 2 = 0.725), gluten index (R 2 = 0.610), glutenin content (R 2 = 0.619), gliadin content (R 2 = −0.567), R/E ratio (R 2 = 0.532) and gliadins/glutenins (R 2 = −0.605) ratio.
INTRODUCTION
Starch and protein are the major constituents of wheat flour wherein gluten proteins have been known to play an important role in determining the functional properties of wheat flour with respect to its end use quality. Both quality and quantity of gluten proteins have an effect on processability of wheat flour into different products like bread, biscuit, cakes, and noodles. Variation in protein content alone cannot be held responsible for intercultivar differences in dough properties and suitability of wheat flour for end products. In the literature, the functional properties of wheat protein fractions are well defined for bread making with major differences in baking performance of wheat cultivars usually attributed to the variations in the quality of gluten proteins, specifically glutenin quality and Glu/Gli ratio. [1−5] It has been perceived that the quality criteria for noodles like yellow alkaline noodles, white salted noodles, and Japanese udon noodles vary widely and are generally region specific due to their differential color, textural, as well as sensory preferences among consumers. [6−10] The effect of protein quality and composition has been extensively studied for Chinese and Korean white salted noodles and alkaline noodles, and their quality criteria are well established. [11−20] Instant noodles, manufactured by mechanized assembly line have much higher commercial value and are widely consumed across the world in comparison to the other type of noodles. [21−24] Aside from the studies of Park and Baik [25] who demonstrated relationship of protein characteristics including protein content, SDS sedimentation volume (SDSV), and proportion of alcohol and salt soluble proteins with the quality of instant noodles and Wu et al. [26] who had primarily focused on wheat flour components, starch quality, and protein quality (in terms of protein content and SDSV) affecting oil uptake in instant noodles, little effort has been made to understand the quantitative and qualitative effect of wheat gluten proteins on the quality of instant noodles. This study is, therefore, intended to have a fundamental insight into the relationship of quantity and quality of gluten proteins with the oil uptake, cooking quality, and textural attributes of instant noodles.
MATERIAL AND METHODS

Grain Characteristics and Milling
Fifteen Indian wheat (Triticum aestivum) cultivars were obtained from agricultural universities; IARI regional centres; DWR, Karnal, and Central State Farm, Hisar selected on the basis of their diversity for instant noodle quality. The grains of individual wheat cultivars were measured for physical characteristics i.e., grain width, hardness, weight, and moisture content using Single Kernel Characterization System (SKCS, Model 4100, Perten Instruments, Sweden) in which 300 grains were subjected to crushing one by one to generate the required data. Length of the grain was determined using a digital Vernier caliper and hectoliter weight was obtained by AQUA TR (Aqua-TR II, Chopin Technologies, France). All wheat samples were cleaned, tempered to a moisture content of 15.5% at room temperature for 24-48 h, and milled in a laboratory mill (CD 1, Chopin, France) to obtain wheat flour of 60-65% extraction rate.
Physicochemical Analysis of Wheat Flour
The wheat flour samples were analysed for falling number, moisture, ash, and protein (N × 5.7) content according to standard AACC methods. [27] Damaged starch content was determined using SDmatic (Chopin Technologies, France). Damage starch is a function of grain hardness (GH) with harder grains exhibiting greater starch damage during the milling process. SDSV of flour was estimated by the method of Axford et al. [28] Gluten content and gluten index (GI) of the wheat flour were analyzed as per standard ICC method using Glutomatic (Perten Instruments, Sweden). Gluten extensibility of isolated gluten was analysed by Kieffer dough/gluten extensibility rig (A/KIE) using texture analyzer (Model TA-XT 2i, Stable Micro Systems, Godalming, UK). Resistance to extension, g (R) and extensibility, mm (E) were the two main parameters measured by the gluten extensibility test.
Dough Rheological Properties
Dough rheological characteristics of the flour samples were assessed using Mixolab (Chopin Technologies, France). Physical dough properties like water absorption capacity (WAC) (%), dough development time (DT) (min), stability (min), and softening (FU) were determined using Chopin S protocol. The protocol involved constant mixing of dough at a speed of 80 rpm up to 30 min at 30 • C and the test was based on preparing a constant dough mass in order to obtain a target consistency of 1.1 ± 0.05 Nm.
Fractionation of Wheat Gluten Proteins into Glutenins and Gliadins
A modified Osborne method was used to fractionate the gluten proteins into glutenins and gliadins. Wheat flour dough was prepared using 2% NaCl solution. Gluten was isolated from dough by washing it manually with distilled water (15 • C). The gluten obtained was freeze-dried and then ground to powder using a pestle and mortar. Powdered gluten (10 g) was suspended in 200 ml of 70% (v/v) ethanol and stirred on magnetic stirrer for 3 h at room temperature (∼ 22 • C) followed by centrifugation at 1000 × g for 30 min in a cooling centrifuge at 4 • C. The extraction was repeated thrice. The precipitant was collected as glutenins, while the supernatant was subjected to rotary evaporation at 30 • C to obtain the gliadins.
Extraction of Glutenin Fractions Using Acetone Precipitation for Electrophoretic Study
Total glutenins were extracted according to the procedure described by Khatkar. [29] Flour sample (1 g) was taken and 0.5 M NaCl solution was added to it so as to remove albumins and globulins. The pellet was dispersed in distilled water three times to remove the residual salt. The pellet was further suspended in 70% ethanol, stirred on a magnetic stirrer and centrifuged at 15,000 × g for 30 min to remove gliadins. The procedure was repeated twice. The residue obtained was suspended in 5 ml of 50% (v/v) propan-2-ol, 0.08 M Tris HCl (pH 8.0), 1% (w/v) dithiothreitol (DTT) for extraction of glutenins. The samples were kept in water bath at 60 • C for 90 min with intermittent shaking and vortexing every 15 min. The contents were centrifuged at 15,000 × g for 30 min at 20 • C. To the supernatant obtained, 20 ml pure acetone was added to achieve a final concentration of 80% (v/v) to precipitate total glutenins. The precipitate was again centrifuged (15,000 × g for 30 min, 20 • C). The total glutenin residue obtained was dried in an oven at 60 • C for 5 min, and solubilised in 2 ml of SDS sample buffer.
Electrophoresis of Gluten Proteins
SDS PAGE was carried out using slab gel electrophoresis apparatus (M/S ATTO, Japan). Glass plates were cleaned with ethanol, dried, and assembled in gel casting assembly. A 12% polyacrylamide separating gel containing 1.35% bisacrylamide crosslinker was used according to the procedure of Laemelli. [30] Total glutenins (4 mg) extracted by acetone precipitation procedure were suspended in 1 ml SDS sample buffer containing 62.5 mM Tris/ HCl (pH 6.8), 2% (w/v) SDS, 10% (v/v) glycerol, 0.001% (w/v) bromophenol blue, and 5% (v/v) 2 mercaptoethanol. The protein buffer mixtures were vortexed for 2 min and kept at room temperature for 3 h. The samples were heated directly in a boiling water bath for 3 min. After cooling to room temperature, 15µl of samples were loaded into the wells. Gels were run at a constant current of 40 mA for 4 h or until the sample dye reached the end of the gel. The gel was stained overnight in the staining solution (distilled water, methanol, and acetic acid in a ratio 60:30:10 and 0.1% dye Coomassie Brilliant Blue G250). The gel was then transferred to the destaining solution (distilled water, methanol, and acetic acid in a ratio 60:30:10).
Preparation of Instant Noodles
Instant noodles were prepared by using the standardized formulation and processing conditions. [31] The formula ingredients (on flour basis) including water (30.97%), alkaline salt (0.23%) (potassium carbonate and sodium carbonate, 1:1), guar gum (0.28%), and salt (1.54%) were used for preparation of noodles. Wheat flour 100 g (on 14% m.b.) and water containing dissolved salts and guar gum were mixed thoroughly using mixer (Kitchen Aid Inc., MI, USA) for 4 min. After mixing, the crumbly dough was formed into a sheet using noodle machine (ATLAS, Marcato, Italy) by passing it four times through roll No. 1 and compounding it every time. The dough sheet formed was rested for 10 min in a zip lock pouch to prevent moisture loss. The dough sheet was then passed five times through roller unit attachment with the regulating knob set at position No. 2, 3, 4, and 5, respectively. After passing through the final roll, the dough sheet with final thickness of 1.2 mm was again rested for 30 min. Dough sheet was then cut through the cutter attachment. The resulting noodle strands were placed uniformly on a sieve and put into a preheated (100 • C) steamer (Rice Cooker-Ultimate, UL-255, China), and steamed for 6.4 min. The noodles were then fried at 142 • C for 2 min in deep fat fryer (Friendz, FZ-591, China) using soybean oil. The fried noodles were cooled for 15 min and excess oil was drained from the surface. The samples were stored for further analysis.
Quality Evaluation of Instant Noodles
Oil uptake
Oil uptake was determined according to the approved AACC (2000) method. The fried instant noodles were uniformly ground and oil extraction was carried out with petroleum ether (60-80 • C) using a solvent extractor (SER148, Velp Scientifica, Usmate, Italy). Oil uptake was expressed in terms of percentage on dry basis.
Cooking quality
Fried noodle strands (10 g) were added to 400 ml of boiling water in a 500 ml beaker and cooked to the optimum cooking time according to the method of Oh et al. [32] The cooked noodles were cooled in running tap water for 1 min. Excess water from the surface was removed by draining and wiping the cooled noodle strands. The cooked noodles were then reweighed and stored in a covered petri plate at room temperature for texture analysis. The water left after cooking along with rinsings was collected and an aliquot of 50 ml was evaporated in oven at 100 • C for 4 h to determine cooking loss. Results were reported as percent weight loss during cooking. The cooked weight was recorded as percent increase in weight of noodles after cooking as demonstrated by Wang et al. [33] Instrumental texture profile analysis Texture profile analysis of cooked noodles was performed using texture analyser (Stable Micro Systems TA-XT 2i, Godalming, UK). The pre-test speed, test speed, and post-test speed used were 2.0, 3.0, and 3.0 mm/sec, respectively; and the probe compression plate of 45 × 30 mm was used. Five noodle strands were placed completely flat and closer to each other. Texture analysis was completed within 15 min after cooking and the results have been presented as noodle hardness, springiness (SP), adhesiveness (AD), cohesiveness, and chewiness (CH).
Overall acceptability
Sensory evaluation was done to determine the overall acceptability of instant noodles by five panel members previously trained about noodle characteristics in order to differentiate effectively between prepared samples. Quality parameters for instant noodle included for overall acceptability were color (15), shape and appearance (15) , bite characteristics (15) , CH (15) , stickiness (15) , taste (15) , and cooked weight (10) .
Statistical Analysis
All determinations were made in triplicate. Data was analyzed using SPSS software version 16.0 (SPSS Inc.). Correlations among various parameters were derived using Pearson's test (p < 0.05). The mean comparison was carried out using one way ANOVA with Duncan's multiple range test. The statistical significance was observed at p < 0.05.
RESULTS AND DISCUSSION
Intercultivar Variation in Grain Quality
The physical characteristics of grains of different wheat cultivars have been shown in Table 1 . Significant variation was observed in the grain quality parameters of wheat cultivars. Grain moisture content ranged from 7.4 to 14.1% being lowest in cultivar HW 2004, while it was the highest in the cultivar PBW 343. Grain length (GL) was maximum for cultivar HI 977 i.e., 7.3 mm, while it was recorded the least for the cultivar WH 542 i.e., 6 mm. Diameter or width of grain (GD) varied from 2.5 mm in cultivar PBW 443 to 3.5 mm in case of HW 2004. Thousand kernel weight (TKW) was also the lowest in the cultivar WH 542 and PBW 443, whereas the highest for HW 2004. The results indicated that TKW was a function of GD (R 2 = 0.974) and was not associated with GL (Table 3 ). Hectolitre weight (HLW) which reflects the grain bulk density was minimum for cultivar PBW 443, while maximum for the cultivar HW 2004. In other words, cultivar PBW 443 had smaller, less plumpy grains as indicated by its minimum diameter, least kernel weight as well as hectoliter weight. In contrast, the cultivar HW 2004 had sound, plumpy, and bulky grains. Hectoliter weight was also significantly correlated (R 2 = 0.677) with TKW (Table 3) which is obvious because kernels with higher bulk density will also have higher grain weight. Among the grain dimensional parameters, grain diameter showed significant positive correlation (R 2 = 0.705) with hectoliter weight suggesting that kernel with greater width were bulkier as compared to the thinner grains. The cultivar WH 542 had the hardest kernels, whereas cultivar HS 490 had softest grains among the 15 cultivars. On the basis of hardness data, cultivar HS 490 could be classified as soft, cultivars DBW 16, HI 977, HW 2004, WH 711, PBW 343, PBW 373, PBW 443, WH 1021, and WH 147 may be regarded as medium hard, while PBW 550, WH 542, WH 283, WH 1025, and C 306 were hard wheat cultivars (Table 3) .
Flour Quality and Dough Rheological Properties
Flour quality and dough rheological characteristics of wheat cultivars have been summarized in Table 1 . The moisture, ash content, and falling number ranged from 11.2 to 13.8%, 0.48 to 0.77%, and 384 to 674 s, respectively. The cultivar PBW 443 which had the lowest kernel weight, grain diameter, and hectoliter weight contained higher ash content in the flour which may be due to a lower endosperm proportion in the smaller grains of this cultivar leading to higher bran in the milled flour. Damage starch content was minimum in cultivar HS 490, while maximum was found in HW 2004. The lower damage starch in case of HS 490 was due to softer endosperm texture of grains which were easy to grind and fractured less during milling. Flour with protein content of 10 to 12.5% is generally recommended for the preparation of instant noodles. [23, 34] Flour protein content varied widely among the cultivars from 7.9 to 14.1%. The cultivars PBW 373, HW 2004, and HS 490 had lower protein contents (<10.5%), while PBW 343, PBW 550, WH 147, and PBW 443 had a higher protein contents of (>13%). The remaining wheat cultivars showed a medium protein content of 11 to 13%.
The WAC of flour ranged from 48.6 to 62.8%. Higher water absorption was exhibited by the cultivar C 306, while cultivar HS 490 absorbed minimum water to reach the peak dough consistency. 
Quantitative and Qualitative Relationship of Wheat Gluten Proteins with Flour Quality and Dough Rheology
Gluten content, quality and composition of different wheat cultivars have been presented in Table 2 . Wet and dry gluten contents ranged from 20.3 to 35.4% and 6.8 to 11.9%, respectively. The cultivars PBW 373, HW 2004, HS 490, and HI 977 had a dry gluten content of less than 9%, while the cultivars C 306, WH 147, and WH 711 had higher dry gluten content (>11%). It was observed that dry and wet gluten contents were strongly correlated (R 2 = 0.925). Kulkarni et al. [35] have also reported correlations of 0.92 to 0.97 between wet and dry glutens. However, the cultivar PBW 343 which contained the highest wet gluten content showed correspondingly lesser dry gluten content. This may be due to the higher water binding capacity of dry gluten extracted from the flour of this cultivar. Protein content was also observed to be highly associated with dry (R 2 = 0.799) and wet gluten contents (R 2 = 0.768). The strong positive correlation between protein and gluten contents was found because the increase in total protein content of wheat flour is generally associated with a corresponding increase in gluten proteins and a little influence on non-gluten forming proteins in wheat i.e., albumins and globulins. [36] The quality of gluten proteins was assessed by SDSV, GI, R/E ratio and proportion of glutenins and gliadins. SDSV, frequently used as an indicator of protein quality and especially demonstrating the swelling ability of glutenin fractions, ranged from 34 to 61 ml. The highest SDSV was found in cultivars HI 977, PBW 550, and WH 283, while lower SDSV was demonstrated by the cultivars PBW 373, HW 2004, and WH 1021. Quality of gluten proteins examined by SDSV showed a significant positive correlation with DT (R 2 = 0.693) and ST (R 2 = 0.763), while negatively linked to SO (R 2 = -0.718). GI expresses the strength and quality of gluten proteins. Higher GI represents stronger and elastic gluten proteins in a cultivar which are difficult to pass through the glutomatic sieve, while the weaker ones exhibiting lower gluten strength pass easily. GI ranged from 58.5 to 98.5%. GI was maximum for cultivars HI 977 followed by PBW 550 and WH 147, whereas cultivars PBW 373, C 306, and PBW 443 had minimum GI. It may be observed from Table 3 that quantitative factors wet and dry gluten content of flour were not as important for determining strength of a cultivar as the qualitative factors SDSV and GI. Dough rheological parameters including DT, ST, and softening, which are the indicators of dough strength had significant correlations with the qualitative test parameters of gluten.
R/E ratio is defined as the ratio of resistance to extension (R) to extensibility (E) of gluten protein. R is mainly imparted to gluten by the elastic proteins glutenins, while E is conferred by viscous protein fractions of gluten i.e., gliadins. R/E ratio of glutens extracted from different wheat cultivars varied considerably from 0.39 to 1.50, being the highest for the cultivars PBW 550 and the lowest for the cultivar C 306. Glutenin and gliadin content ranged from 3.5 to 5.6% and 4.4 to 6.3%, respectively. Glutenins are the large polymeric protein and the dough elastic/strength properties may be ascribed to these protein fractions. Glutenin fractions provides continuity to the dough system providing elasticity to dough which is believed to be dependent on the reversible stretching of an energetically more favorable folded glutenin conformation. [5] Besides the total protein content, the quantity of gluten sub fractions is an important factor for functionality, dough properties, and end product quality. [37] In this study, DT, ST, SDSV, GI, and R/E ratio were positively correlated with glutenin content, whereas negatively linked with quantity of gliadins subfractions. Gliadin content showed a significant negative correlation with Mixolab development time (R 2 = -0.796), ST (R 2 = -0.907), whereas a positive association with dough softening (R 2 = 0.806). Hou et al. [38] have also reported a negative correlation of total gliadins with Mixograph peak time (R 2 = -0.893) and Mixograph stability (R 2 = -0.490). Gliadins increase the gluten as well as dough extensibility which has been reflected by a decreased R/E ratio of wet glutens. This may be attributed to the fact that gliadins have a plasticizing effect and their interferences with glutenin-glutenin interaction decrease the elasticity of gluten proteins. [36] The ratio of monomeric gliadins to polymeric glutenins determines the balance between dough viscosity and elasticity and therefore affects the quality of gluten proteins as well as properties of dough. [39] Noodle is a sheeted product; therefore, an adequate proportion of gliadins to glutenins is essential for proper sheeting. Higher elastic component will lead to recoiling of the noodle sheet, while greater extensibility will lead to an extensible sheet unable to withstand sheeting resulting in tearing or development of rough surface. Among the cultivars studied here, Gli/Glu ratio varied from 0.79 to 1.77 showing significant variability in the viscoelastic properties of glutens extracted from different cultivars. Higher Gli/Glu ratio of > 1.4 was found in wheat cultivars HS 490, HW 2004, PBW 373, PBW 443, WH 1021, and WH 1025. It may further be noted that the cultivars PBW 550 and HI 977 had the highest SDSV, GI, R/E ratio, and the lowest Gli/Glu ratio, thus, confirming the presence of strong, elastic, and good quality proteins as prime determinants of strength in these cultivars. Another noteworthy observation was that although cultivar HI 977 had lower gluten content, it exhibited stronger dough properties which may be owed to the quality of its gluten proteins. Gli/Glu ratio was negatively correlated with DT (R 2 = -0.853) and ST (R 2 = -0.868), whereas positively related to SO on extended mixing (R 2 = 0.833) evidently suggesting that a higher proportion of monomeric gliadins with respect to polymeric glutenins was negatively linked to the strength characteristics of flour. A significant negative correlation (R 2 = -0.787) was also observed between R/E ratio and Gli/Glu ratio. Since gliadins act as plasticizers in gluten, therefore, an increasing Gli/Glu ratio caused a decrease in elasticity. [40] SDS PAGE patterns of total glutenins extracted from different wheat cultivars are shown in Fig 1. It was observed that cultivars with 1 and 2 * high molecular weight glutenin subunit (HMWGS) at Glu-A1 exhibited stronger dough properties as compared to cultivars C 306 and HW 2004 which had Null and 20 HMWGS subunits expressed at Glu-A1 and Glu-B1, respectively. However, the cultivars WH 1021, PBW 373, PBW 443, and HS 490 showed poor dough rheological characteristics despite of commonalities among HMWGS composition which may be ascribed to the differences in protein quality and quantity. HMWGS 5 + 10 subunit expressed at Glu-D1 loci in wheat cultivars also conferred greater strength and elasticity to the dough. Even though, the cultivars DBW 16 and HI 977 shared a similar Glu-1 score of 10 and HMWGS subunits 2 * and 5 + 10 at Glu-A1 and Glu-D1, respectively there were wide variation among the gluten quality parameters of these cultivars. From the results, it is apparent that HMWGS and Glu-1 score in a cultivar cannot be solely held responsible for the variation in quality of isolated gluten.
Intercultivar Variation in Instant Noodle Quality of Diverse Wheat Cultivars
Variation in the quality of instant noodles prepared from different wheat cultivars has been shown in Table 4 . Noodle quality was assessed by considering oil uptake, textural attributes, cooking quality, and overall acceptability of prepared noodle samples from 15 diverse wheat cultivars. Significant differences were observed among cultivars for all the quality parameters.
Oil uptake
Oil uptake of fried instant noodles ranged from 15.4 to 22.7%. Instant noodles prepared from the weaker flours obtained from cultivars C 306, HW 2004, and PBW 373 exhibited higher oil uptake in comparison to stronger flours from PBW 550. Oil uptake in noodles was positively correlated with dough softening, however, all the parameters related to gluten quality and strength were negatively associated with the oil uptake ( Table 5 ). Protein content (R 2 = 0.741) was found to be the most important factor that explained for the variability in oil uptake of fried noodles. Similar results for decrease in oil uptake of noodles with greater protein content and protein quality in terms of SDSV have been reported by other researchers. [25, 26] Bouchon and Pyle [41] also reported that a stronger and more elastic network can result in a less permeable outer layer that may serve as an effective barrier against absorption of oil. The noodles prepared from the cultivars C 306 and HW 2004 had a rough surface. The surface roughness is another reason for higher oil uptake in noodles prepared from these two cultivars as it impairs oil drainage as well as increases the overall surface area. [42] 
Cooking quality
Optimal cooking time of noodles also varied significantly from 2.30 to 4.30 min in case of cultivar HW 2004 and PBW 343, respectively. Cooking time of instant noodles was also found to be highly associated with protein content (R 2 = 0.778) of flour, gluten quality, and strength. It was observed that the noodles prepared from stronger flours had a higher cooking time which may be related to the development of the stronger and firmer protein starch network which favors lower oil uptake, but also resists quick hydration of noodles during cooking. On the other hand, noodles prepared from weaker flours samples like HW 2004, C 306, and HS 490 cooked quickly. The results are consistent with Oh et al. [43] who also demonstrated a linear increase in the optimal cooking time of oriental dry noodles with protein content. They also reported that the oriental dry noodles prepared from high protein flours were stronger and firmer internally as compared to those prepared from low protein flours due to strong adherence between starch and protein. Cooked weight and cooking loss of noodles ranged from 191.7 to 229.3 g/100g (g water/initial sample weight) and 13.2 to 17.7%, respectively. Cooking loss reflects the surface characteristics of cooked noodles. Higher cooking loss is associated with poor noodle surface which hampers the appearance as well as acceptability of noodles. Cooking loss was mainly found to be influenced by gluten quality indices including SDSV and GI. Good quality proteins strongly hold the starch molecules and therefore, prevent the excessive swelling, rupture, and leaching of starch during cooking facilitating lower cooking loss.
Instrumental textural properties
Cooked noodle hardness was maximum for cultivar HI 977, PBW 550, and PBW 443, while it was minimum for the cultivars WH 1021 and WH 1025. Hardness or firmness (HD) of cooked noodles was found to be significantly linked with SDSV (R 2 = 0.725), GI (R 2 = 0.610), glutenin content (R 2 = 0.619), gliadin content (R 2 = -0.567), R/E ratio (R 2 = 0.532), and Gli/Glu ratio (R 2 = -0.605). Firm and elastic noodles are preferred when we are concerned with instant noodles. Elastic character of noodles is reflected by the textural parameter SP. SP expresses noodle tendency to return to an undeformed state or shape or elastic recovery of the product after a biting force or compression force is removed. The results indicated that SP was more related to R/E ratio, GI, and glutenin content of flour. SP of noodles was the highest for the cultivars HI 977 and PBW 550, while cultivars WH 1021 and PBW 343 presented the lowest SP. Noodle stickiness is also an important aspect with sticky noodles being undesirable. Cooked noodle stickiness/AD is represented by the area under of the negative peak following first compression. AD values of the cooked noodles ranged from 0.07 to 0.32 Nmm. AD was found to be related to the damaged starch content (R 2 = 0.525) and falling number (R 2 = 0.711) of flour. Most sticky noodles were observed for cultivar C 306, while noodles prepared from the cultivar PBW 443 were least sticky. Cohesiveness of noodles (CO) refers to the intermolecular bonding strength between protein and starch which maintains the noodles structure. Cohesiveness was positively affected by WAC and glutenin content, while negatively correlated with gliadin content and Gli/Glu ratio. Most cohesive noodles were obtained from the cultivars HI 977 and PBW 550, while least cohesive noodles were obtained from the soft wheat cultivar HS 490. CH of noodles was positively related with SDSV, GI, R/E ratio, glutenin content, while negatively linked to gliadins content and Gli/Glu ratio. Mixolab parameters DT and ST also had a positive association with noodle CH. CH of noodles was, therefore, associated with good gluten quality and strong dough rheological characteristics of flour. Consequently, noodle CH was maximum for cultivar HI 977 and PBW 550 which had stronger and more elastic protein, while the cultivars WH 1021 and WH 1025 showed minimum CH.
Overall acceptability and processing quality
Overall acceptability score ranged from 55 to 87 being maximum for the cultivars DBW 16, WH 542, and WH 147, while least for WH 1021, HS 490, and HW 2004. Another critical aspect of interest is processing quality of flour of different cultivars during instant noodle making which also varied among diverse wheat cultivars. It was noticed that cultivars HW 2004 and C 306 exhibited high breakage of noodles while processing. The noodle sheet prepared from these two cultivars had a rough surface and noodles during cutting, steaming, and frying processes showed extensive breakage, thereby yielding lesser quantity of final instant noodles as compared to other cultivars from the same quantity of flour. The noodle sheet, as well as noodles prepared from the cultivar HI 977 showed higher elasticity and recoiled during processing. The cultivars HI 977 and PBW 550 resulted in firmer noodles as shown by their maximum hardness values. Also, the noodles were a bit difficult to chew which has been manifested by their greater CH values. Therefore, noodles prepared from these cultivars i.e., HI 977 and PBW 550 were assigned a lower overall acceptability score in comparison to DBW 16, WH 542, and WH 147. Furthermore, the cultivars C 306 and HW 2004 were considered to be unsuitable for instant noodle production due to excessive breakage in turn lowering the final product yield. Moreover, noodles prepared from the cultivar WH 1021 were found to have extremely soft texture and undesirable poor surface which resulted in its lower overall acceptability score. There were several blisters observed on the noodle surface after frying which further added to characterization of this cultivar as a poor noodle cultivar.
Relationship of HMWGS composition with instant noodle quality
The SDS PAGE patterns for total glutenins of different cultivars have been shown in Fig. 1 . It was observed that wheat cultivars with Null, 20 and 2 + 12 subunits expressed at Glu-A1, Glu-B1, and Glu-D1, respectively, i.e., HW 2004 and C 306 exhibited weaker doughs as well as inferior noodle quality. It was noteworthy that although cultivars WH 1021, WH 147, WH 283, and HS 490 shared similar HMWGS composition and Glu-1 score, but the cultivars WH 1021 and HS 490 had poor noodle quality which may be attributed to their lower values of R/E, DT, ST, and greater dough softening and Gli/Glu ratio in contrast to cultivars WH 147 and WH 283. Further it was noticed that although PBW 343 and PBW 373 possessed similar Glu-1 score and HMWGS composition, the cultivar PBW 373 contributed to poor noodle quality as compared to the cultivar PBW 343 which can be ascribed to its lower protein, gluten content as well as weaker dough rheological properties. HMWGS subunits 5 + 10 expressed at Glu-D1 were associated with superior noodle quality with an exception of the cultivar PBW 373. The best noodle cultivars DBW 16 and WH 542 had 5+10 glutenin subunits at Glu-D1, however differed in subunits expressed at Glu-A1 and Glu-B1 loci. In breadmaking, 5 + 10, 1, 2 * , 17 + 18 and 7 + 8 are generally considered to be superior, while Null, 20, and 2 + 12 alleles are considered inferior. [29] However, for noodle making 2 + 12 subunits didn't appear to be associated with poor noodle quality as observed in case of cultivars WH 1025, WH 283, and WH 711.
CONCLUSION
The importance of gluten proteins in instant noodle making has been assessed by a correlation approach considering fifteen diverse wheat cultivars varying widely in their quality and noodle making performance. Qualitative test parameters SDSV, GI, glutenin content, gliadin content, and Gli/Glu ratio were found to be more influential for instant noodle quality as compared to the wet or dry gluten contents. Oil uptake and cooking time of noodles were strongly associated with total protein content of flour. An appropriate balance of extensibility and elasticity determines the desirable sheeting properties of noodle dough and was mainly influenced by the content of monomeric and polymeric protein sub fractions. Wheat cultivars with Null, 20 and 2 + 12 subunits expressed at Glu-A1, Glu-B1, and Glu-D1, respectively, i.e., HW 2004 and C 306 exhibited weaker doughs and were found to be unsuitable for instant noodle production due to excessive breakage in turn lowering the final product yield. Wheat cultivars HI 977 and PBW 550 doughs were too elastic and inextensible as indicated by their higher values of ST, GI, and R/E ratio, while lower Gli/Glu ratio resulted in firmer and more elastic noodles. Medium strong cultivars with good protein quality in terms of SDSV, GI, glutenin content, R/E ratio, and Gli/Glu ratio were suitable for instant noodle production with higher overall acceptability.
